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1 CAI calculation the first step in the CAI index as described by Sharp et Li Sharp and Li (1987) consists in defining for each synonymous codon of an amino acid a relative adaptiveness score (wc,a). In the reference dataset, this value is obtained by calculating the ratio between the frequency of a codon (f ref The CAI score is obtained by calculating the geoindexal mean of the relative adaptivenesses multiplied by the occurrences of the related codons found in the query sequence (Sharp and Li, 1987) . Here, we name this CAI score CAI 59 , since all 59 synonymous codons have an impact on the CAI score regardless of their relation with their amino acid: where Occ que c,a is the number of occurrences of codon c in the query and L is the length of the query (total number of amino acids). In the classical CAI score, the amino acid composition of the query sequence is included in the calculation because all codons contribute equally to the final score. This calculation is analogous to our description of COUSIN 59 , and we therefore refer to it as CAI 59 . For the sake of completeness, we introduce an alternative CAI definition, hereafter named CAI 18 , for which all amino acids contribute equally. The difference between CAI 18 and CAI 59 simply lies in the calculation of the geoindexal mean, as follows: Both pairs, COUSIN 18 and COUSIN 59 on the one hand and CAI 18 and CAI 59 on the other, differ therefore in the way the amino acid composition is accounted for in the calculation. With the "18" indexes, all amino acids contribute equally, independently of their frequency in the protein. The two "18" indexes can be envisioned as the "amino acid by amino acid" CUPrefs of a sequence. With the "59" indexes, all individual codons contribute equally, so that the final contribution of each amino acid is proportional to its frequency in the protein. The two "59" indexes can be envisioned as the "codon by codon" CUPrefs of a sequence. By comparing the "18" and "59" scores of an index, we can estimate the impact of amino acid composition on the observed CUPrefs of a sequence. 
Inputs analysis
Creation of 500 sequences Fig. 1 . Architecture of the COUSIN software. The COUSIN software requires input data from the user such as sequences in a FASTA format and a Codon Usage Table in a kazusa-style format (Nakamura et al., 2000) . COUSIN performs a CUPrefs analysis on the queries by performing routine tasks. Following user specifications, options can be chosen to deepen the analysis. Graphics and text outputs are given at the end of a COUSIN job. The last part of the figure displays the graphics given by a routine simulation. Here, density curves show COUSIN18 range of scores for the generated sequences following a "random-guided" CUPrefs and amino acid composition selection with E. coli CUPrefs as reference (Puigbò et al., 2008) . Orange, cyan and purple curves refer to sequences with a codon length of 100 (short proteins), 300 (average length of prokaryotic proteins) and 450 (average length of eukaryotic proteins). The longer the generated sequences, the lower the variance and the higher the accuracy of the scores obtained (Comeron and Aguadé, 1998; Roth et al., 2012) . Dashed vertical lines indicate the respective 95% interval for orange, cyan and purple curves. Table 1 gives detailed informations on the organisms studied. The detailed % of GC content of these same organisms are given in Table 2 . Table 1 . Summary statistics of the complete CDSs of the eight organisms included in the analysis. The table shows the species name, reference and accession number in the NCBI database, the number of protein-coding genes kept for the analysis (evaluated by removing isoforms and rejected sequences), the total number of CDSs retrieved (as annotated in genbank files), the ratio between the number of protein-coding genes and the total number of CDSs as well as the global GC3 content found in protein-coding genes. In addition to the first analysis putting on sight the dispersion of COUSIN and CAI scores among organisms CDSs, we also draw up the scores of these same CDSs with their GC3 content to bring light on the relation between these two variables. Figures 3, 4 (COUSIN 59 ), 5 and 6 (CAI 59 ) show individual scatterplots between one of the two index score and the GC3 content along with Pearson correlation tests.
Fig. 4. Scatterplot of COUSIN59 (x-axis) and GC3 content (y-axis) scores for CDSs belonging to H. sapiens (A), G. gallus (B), Mus musculus (C) and A. thaliana (D).
Each scatterplot is accompanied by two density curves: COUSIN59 (right of the scatterplot) and GC3 content (top of the scatterplot). On the top-right of the scatterplots, statistics of Pearson correlation tests between COUSIN59 scores and GC3 content is given. 
Statistics on studied organisms
The mean values, Huber-M estimator values and Median of Absolute Deviations (MAD) scores related to the CAI and COUSIN analysis on the studied organisms are given in Table 3 (?). . In addition to the dot-plot, a red regression line is given. For each plot, the x-axis and y-axis represent scores obtained for one metric. Results of Pearson's correlation test are indicated on the top-right of plots. Histograms and density plots are given at the opposite of x-axis and y-axis legends. These additional plots indicate the distribution of scores with the related index.
